Abstract: We investigated the effects of a 5-h sleep restriction for 7 d on subjective sleepiness in an ambulatory condition by comparing them with baseline conditions consisting of an 8-h sleep for 7 consecutive days. Subjects were 13 healthy male students (mean age 21.1 yr). Each subject was required to get 8 h of sleep (baseline, from 2300 to 0700) for 7 d, and 5 h of sleep (sleep restriction, from 0100 to 0600) for 7 d in an ambulatory condition. The order of the two sleep schedules was randomly assigned. Subjective sleepiness was assessed by a Visual Analog Scale (VAS) every 3 h at 0900, 1200, 1500, 1800, and 2100 for 7 successive days during each sleep schedule. The VAS score during sleep restriction gradually increased up to the 5th day and then reached a plateau. The patterns of time-course changes in the VAS score were similar to those at baseline. The VAS scores showed a peak at 0900, taking a dip at 1200, and then gradually increasing toward 2100. The mean VAS score of the last three days of the 5-h sleep restriction was significantly higher than that at baseline (p<0.001). A 5-h sleep restriction for 7 d in an ambulatory condition increased subjective sleepiness up to the 5th day and then reached a plateau. The patterns of the time-course changes in sleepiness of 5-h sleep restriction per day did not differ from that at baseline.
Introduction
In work settings, the hours of sleep are liable to be curtailed due, for instance, to long working hours or other job-related conditions. When considerable sleepiness results from such insufficient sleep, it might increase risk of serious accidents [1] [2] [3] or reduce task performance at work 4) . While the effects of sleep restriction on subjective sleepiness have been consistently found during 2-5 d of total sleep deprivation 5, 6) , studies of sleep restricted to a range more commonly experienced by working people (i.e., >4 but <6 h/night) have produced inconsistent results [6] [7] [8] . Although some investigators have found that even a single night of sleep restriction in the above range has been associated with daytime sleepiness 9, 10) , others have not 11, 12) . In addition, it has remained controversial whether or not the effects of sleep restrictions of 4-5 h are cumulative, i.e., sleepiness continues to increase throughout the restricted periods 7, 11, 13) , or just temporarily 12, 14) , followed by adaptation to the restrictive conditions for several days. In the present study, we examined whether a moderate sleep restriction of 5 h for 7 consecutive days causes subjective sleepiness, and whether its effect is cumulative by comparing with a baseline condition of 8 h of sleep for 7 consecutive days. As the baseline was measured for a sufficient number of consecutive days, and the experiment was conducted in a field conditions, the results will be more applicable to real working conditions.
Methods
Subjects were 13 healthy male students (mean age: 21.1 yr, SD=1.1) who have had no particular medical histories and had not been under any medical treatment for at least the previous 3 months. All the subjects were non-smokers.
The detailed protocol of the experiment, which was approved by the Ethical Committee at Aichi Medical University, was explained in detail, and written informed consent was obtained from each subject.
Over 14 consecutive days, each subject was required to have 8 h of sleep (baseline, from 2300 to 0700) for 7 d, and 5 h sleep (sleep restriction, from 0100 to 0600) for 7 d in their ambulatory condition. The order of the two sleep schedules, i.e., 8 h or 5 h, was randomly assigned. The exact times of falling asleep and waking up were identified using a wrist-watch type action monitor (AMI Co., Ltd., Micro Mini Actigraph). These times were also confirmed by the sleep logs recorded by the subjects. The subjects were not restricted in terms of their normal daily life activities for the purposes of the study, and were instructed to act as they usually would except they were prohibited from drinking alcohol and intense physical exercise throughout the experiment.
Subjective sleepiness was assessed by a Visual Analog Scale (VAS) which was a 10-cm straight line. The subjects were instructed to mark the left end of the line as "not sleepy at all", and the right as "very sleepy". The distance of a mark from the left end was measured as an index of sleepiness. A stack of VAS sheets was given to the subjects, and they were requested to record their sleepiness every 3 h at 0900, 1200, 1500, 1800, and 2100 for 7 successive days in each sleep schedule.
The following analysis of variance (ANOVA): 2 (sleep schedule: baseline, 5 h of sleep) by 7 (days of measurement: in each sleep schedule) by 5 (measurement hours: 0900, 1200, 1500, 1800, 2100) was conducted for VAS followed by Dunnett's test, Scheffe's test and paired t-test. The statistical analysis was performed on a personal computer using the SAS program package Ver. 8.12, and the critical value was set at a 5% level of significance.
Results
The average sleeping time in the 8-h schedule was 7 h and 48 min, and that in the 5-h schedule was 5 h and 7 min. Figure 1 shows the changes in mean VAS scores for 7 d in each sleep schedule. The VAS scores in the two sleep schedules on the 1st day were at the same levels. The baseline shows a slight decline up to the 3rd day, and then becomes stable. The VAS scores during sleep restriction gradually increased up to the 5th day, and then reached a plateau. The interaction between sleep schedule and days of measurement was significant (ANOVA: F=3.02, p<0.01), and the VAS scores in the 5th, 6th, and 7th day were significantly higher than that in the first day (Dunnet's test, p<0.001).
The average values of the last three days, i.e., the 5th, 6th, and 7th days, in each sleep schedule were calculated for every 3 h and plotted in Fig. 2 . The patterns of time course changes of the VAS score in the two sleep schedules are quite similar. The VAS scores in the 5-h restriction showed a significant peak at 0900 (Tukey's test, p<0.001) taking a dip at 1200, and then gradually increasing toward 2100.
The mean VAS scores for each of the last three days in each sleep schedule are presented in Fig. 3 . During the 5-h sleep restriction, the VAS scores were significantly higher than those at the baseline (paired t-test, p<0.001).
Discussions
There are very different types of sleepiness assessment by using subjective or objective methods. In the present study, we measured sleepiness with a visual analog scale (VAS) which has been widely used in a variety of studies [15] [16] [17] . It has even been reported that the VAS score measured with a specific procedure correlated with objective sleepiness measured by a minimum sleep-onset latency test (MSLT) 18) . However, sleepiness in the present study was operationally defined based on only a single subjective measure, i.e., the VAS score.
Sleep restriction in this study was carried out in an ambulatory condition. It was up to the subjects themselves to maintain their assigned sleep schedule throughout the experiment during their daily lives, which were continuously monitored by means of actimeters 12) . The actigraph assessments revealed that the times of falling asleep and waking up were quite consistent during the 5-h sleep Industrial Health 2007, 45, [160] [161] [162] [163] [164] schedule, while those during the 8-h schedule slept 12 min less than expected. Although the reason for this shortness of sleep at the baseline was not clear, we considered the length of sleep in this study to be acceptable as a baseline, since a habitual 7-8 h of sleep per night were also set as a baseline in many other partial sleep-restriction studies 6, 8, 11, 12, 14) . The actigraph did not indicate any daytime naps of subjects throughout the study. Thus, we can conclude that the experimental conditions during the two sleep schedules were fairly well maintained throughout our study. As the 14-d experiment was conducted during the same semester at the university without any special school events, all the subjects usually had their classes in the daytime on weekdays, and had leisurely weekends. No subjects showed remarkable differences in their daily activities between the two sleep conditions, to judge from either their diaries or actigraph readings.
In the 5-h sleep restriction, the VAS score gradually increased up to the 5th day, and then stabilized, suggesting that the 5-h sleep restriction might have a cumulative effect on daytime sleepiness up to the 5th day. Carskadon 7) reported that the analog sleepiness rating increased up to the second day of the 5-h nocturnal sleep restriction, with no further increase in sleepiness up to the seventh day. Dinges 8) also indicated the significant increase in sleepiness on the first day, that it remained elevated up to the sixth day of the average 4.98 h sleep restriction, and that a remarkable elevation in sleepiness was observed on the 7th day. Van Dongen 14) detected a discrepancy between subjective sleepiness and neurobehavioral cognitive performance in the effect of chronic sleep restriction to 4 h and 6 h for 14 d. It remains unclear whether these less cumulative characteristics of sleepiness were just a reflection of the inability of subjects to reliably interpret their actual sleepiness levels during chronic sleep restriction, some mechanisms of adaptation to chronic sleep restriction 8, 14) , or actually due to the operation of certain biological adaptation mechanisms such as compensatory increases in slow wave sleep, EEG slow wave activity, or rapid eye movement sleep (REM) 6) . In some reports [6] [7] [8] , objective sleepiness measured by MSLT showed a continuous increase during chronic sleep restriction, in contrast to subjective sleepiness that remained stable. More research will therefore be needed to identify the factors that modify subjects' perceptions of their sleepiness during chronic sleep restriction 14) by comparing them with some reliable indices of objective sleepiness.
In the baseline sleep condition, subjective sleepiness decreased up to the 3rd day, and then remained at that level. Since our subjects were randomly assigned to one of two sleep schedules that were consecutively alternated, the first few days of the 8-h sleep schedule were regarded as periods washing out the effects of the preceding 5-h sleep restriction or the pre-experimental casual sleep condition of each subject. In our results, the difference between the cases in which the 5-h sleep-restricted condition preceded the 8-h sleep condition and those in which the 8-h sleep condition preceded the 5-h sleep debt condition was not significant (t-test, p=0.60 in the VAS score of the last three days in the 5-h restricted condition). It would therefore be reasonable to take the average of the last three days as the representative value of subjective sleepiness during the two sleep schedules.
Significant time-of-day effects were evident in VAS, but time-of-day did not interact with the effects of sleep restriction, which is a finding consistent with that in another report 8) . Sleepiness was high at 0900 especially in the 5-h sleep restriction schedule, taking a dip at 1200, and then rising again toward the end of the day (2100). According to our results, the lowest level of sleepiness in the 5-h sleep (at 1200) was nearly equal to the highest level at baseline (at 2100). Although we could not measure sleepiness early The patterns of time course changes of the VAS score in the two sleep schedules are quite similar. The VAS scores showed a peak at 0900, taking a dip at 1200, and then gradually increasing toward 2100. *: p<0.0001, Tukey's test. in the morning or late at night, the level might be much higher during these time periods 21) . Thus, any work starting very early in the day or lasting until late at night involving a curtailing of sleep for many consecutive days might well increase the risk of a variety of accidents occurring during those times. The VAS score increased 75.5% over the baseline in the 5-h sleep restriction for 7 d. It has been reported that VAS of alertness showed a constant average reduction of 38% during the day after sleep deprivation 22) , which might correspond to around a 60% increase in sleepiness. The effect of 5-h sleep restriction for 7 d therefore might be nearly equal to one-night sleep deprivation in terms of subjective sleepiness. However, it remains controversial whether or not subjective sleepiness correlates with performance 17, 23, 24) . New approaches are required to identify high risk conditions which might be directly connected to accident risk or performance reduction.
In real working life, sleeping hours are assumed to be curtailed less than 5 h when overtime work exceeds 100 h per month 25) , which might bring about adverse health outcomes 26) . Future studies must clarify whether or not such chronic partial sleep deprivation only increases subjective sleepiness or causes any changes in cognitive performance or physiological parameters.
Conclusions
A 5-h sleep restriction for 7 d in an ambulatory condition increased sleepiness 75.5% over the baseline with some adaptation after the 5th day in the restricted condition. The patterns of time-course changes in sleepiness in a day did not differ from those at baseline.
